Thank you for the submission of your manuscript "Glutathione peroxidase 8 negatively regulates caspase-4/11 to protect against colitis". We have now heard back from the two referees whom we asked to evaluate your manuscript.
A you will see, the reviewers raised a number of serious conceptual flaws and experimental shortcomings of the study, and feel that given these limitations, your conclusions appear to not be fully supported by the data. As clear and conclusive insight into a novel clinically relevant observation is key for publication in EMBO Molecular Medicine, and together with the fact that we only accept papers that receive enthusiastic support upon initial review, I am afraid that we cannot offer to consider the manuscript further.
We hope that the referee comments will be helpful to you as you prepare your manuscript for submission elsewhere. Thank you again for your interest and we hope that you will continue to consider sending your work to EMBO Molecular Medicine in the future. ***** Reviewer's comments ***** Referee #1 (Remarks for Author):
In this manuscript, the authors describe a new knockout mouse model for glutathione peroxidase 8 (GPX8) and propose that loss of GPX8 aggravates DSS-induced colitis and LPS-induced sepsis. The authors go on and propose that by interfering with caspase-4/11 activation GPX8 negatively regulates noncanonical inflammasome activation. While the concept would be of interest, there are a series of experimental flaws and technical shortcomings that limit the strength of the study. Moreover, many experiments show only very subtle differences, so I wonder whether there is really any relevant meaning to them. Main concerns: -The authors purchased mice from Lexicon Genetics where a lacZ/neo cassette was inserted into exon 1 of the Gpx8 gene. The authors failed to carefully characterize the actual knockout of the Gpx8 gene and just provided an immunoblot in BDMDs using an antibody made against human GPX8 (suppl. Figures 1&2) . Thus, the authors need to fully characterize the knockout in different tissues using additional tools such as RT-PCR, more reliable antibodies etc in order to rule out that truncated products/splice variants are being generated in these mice. Notably, exon 2 harbors the active site C79! Without a through and careful examination of these mice data generated in the different models are obsolete and hard to judge. - Figure 1 : Besides the limitations mentioned above, can the authors reliably exclude that not different microbiota between knockout mice and control groups (present at the time of purchase) may cause the observed differences in the DSS-induced colitis model as the gut microbiota itself can have profound effects in the same background strains (see Li et al 2018) . Did the authors use littermates coming from heterozygous breeding? - Figure 2 : the authors mention mortality in the main text but this is not shown. Additionally, the differences shown in 2C/2D are very subtle. - Figure 3 : Again, many of the differences shown are subtle (A. B, D). Did the authors try to reexpress wt GPX8 to blunt see whether these effects can be blunted? - Fig 3C: wrong labeling? - Fig 4A: It is hard to follow what actually has been done. A much improved labeling/description of the experiments done is mandatory (which applies not only to this but many other experiments in the manuscript!). The lack of staining against FLAG is confusing.
- Fig. 4B : The quality is poor. Moreover, GPX8 is a type-II transmembrane ER-resident protein. Is caspase-4/11 located to the same compartment? That being said, it is very hard to identify "specific" interacting partners of GPX8 as it sits in the membrane with a highly reactive Cys in its active site, leading to many false-positive results. "Co-localization" could only be detected in cells, where Myc (GPX8) is overexposed. The authors analyzed the contribution of GPx8 in colitis and in controlling the induction of colitis. The authors show that mice KO for GPx8 have increased expression of IL1b and activation of the inflammasome. Then the authors show a binding of GPx8 with caspase 4/11 and conclude that Gpx8 is involved in controlling the activation of the non canonical pathway of the inflammasome activation.
While I found the results interesting, I am not sure that the authors have really demonstrated that GPx8 really acts through the non canonical pathway. Fig. 1 . 4% DSS is a very high amount of DSS especially on mice with C57/BL6 background. No clear how many times was the experiment repeated. The western blot in figure S2B for GPX8 is not very clear. The specific band seems to be very low. What is the production of other cytokines like TNFa and IL-10 that are normally induced after colitis? Fig. 2 The role of macrophages is not really clear in this figure, maybe also due to the experimental model as one expects that clodronate dependent depletion of macrophages does not last long and this may explain why the experiment was stopped at 7 days with a minor effect on body weight loss. Do the authors have an explanation for the increase of macrophages in the absence of GPX8, in figure  2G . Why is the number of samples drastically reduced in Fig. 2H ? In addition, the authors have not shown mortality which is reported in the text or activated macrophages. The whole of figure 2 description in the text does not correspond to the actual figure. . It was clear from the previous figures that GPX8 affected the inflammasome as it induced IL1b release. LDH is a marker of cell lysis, not specifically of pyroptosis. Caspase 1 also seems to be strongly induced (even before caspase 11 activation) suggesting both a classical and non classical activation of the inflammasome. The presence of pyroptosis should converge towards a classical activation rather than non classical. Fig. 4 It is very easy to have a false positive result in co-immunoprecipitation. In the blots of 4A, the co-ip seem to be very weak and this is confirmed in the colocalization experiment in 4B. Here a quantification of the colocalization should be shown. Further it is not clear whether the cells that are shown have been activated with LPS (and pretreatment) and if so what is the level of colocalization of untreated cells? Why in figure 4C only one treatment with LPS was performed and not the pretreatment, or was it a transfection? I have the impression that GPX8 major target is the classical activation of the inflammasome. Why haven't the authors analyzed also the binding to caspase 1? The finding that the mutants abolish the inhibitory activity does not imply that this occurs through caspase4 interaction. [Authors have resubmitted their article without being invited to do so. After reading the rebuttal letter and thoroughly evaluating the revised article, editors decided to move forward with the submission and sent the revised article back to the referees].
Major points
We appreciate that both reviewers consider the novelty of the finding and thank for all the comments that help us improve the strength of this paper. The main concerns are whether knockout mice are truly deficient of GPx8 and whether GPx8 regulates only caspase-4/11 mediated noncanonical inflammasome. We have fully addressed these two questions and all other comments. We demonstrated that either GPx8 protein or RNA is not detected in knockout mice. We also showed that GPx8 does not interact with caspase-1 and has no role in directly modulating canonical inflammasome via caspase-1. We answer all the comments in point-by-point details as attached below:
Detailed point-by-point response to reviewers' comments All Referee comments are in blue and answers are in black. Referee #1 (Remarks for Author):
In this manuscript, the authors describe a new knockout mouse model for glutathione peroxidase 8 (GPX8) and propose that loss of GPX8 aggravates DSS-induced colitis and LPS-induced sepsis. The authors go on and propose that by interfering with caspase-4/11 activation GPX8 negatively regulates noncanonical inflammasome activation. While the concept would be of interest, there are a series of experimental flaws and technical shortcomings that limit the strength of the study. Moreover, many experiments show only very subtle differences so I wonder whether there is really any relevant meaning to them. Response: Thank you for believing that the paper is interesting. We shall clear up all the concerns raised.
Main concerns:
1. The authors purchased mice from Lexicon Genetics where a lacZ/neo cassette was inserted into exon 1 of the Gpx8 gene. The authors failed to carefully characterize the actual knockout of the Gpx8 gene and just provided an immunoblot in BDMDs using an antibody made against human GPX8 (suppl. Figures 1&2) . Thus, the authors need to fully characterize the knockout in different tissues using additional tools such as RT-PCR, more reliable antibodies etc in order to rule out that truncated products/splice variants are being generated in these mice. Notably, exon 2 harbors the active site C79! Without a through and careful examination of these mice data generated in the different models are obsolete and hard to judge. Response: Following the suggestions of reviewer 1, we have clearly verified that our GPx8 -/mice are defective in GPx8 protein and RNA expression. We carefully demonstrated GPx8 expression in different organs of WT and GPx8 knockout mice by using immunoblots. The antibody from GeneTex was generated by immunization rabbit with purified full-length recombinant GPx8 protein provided by us. We can see a specific band in tissues from wild type but not GPx8 -/mice. No specific band was detected in GPx8 -/mice, suggesting no short form or truncated product was produced in GPx8 -/mice. In addition, we also designed reverse transcription PCR primers amplified the region (129-241bp of GPx8) cross exon 1 and 2 junction showed that there is no GPx8 RNA expression in GPx8 -/cells (R. Fig. 1 ). We have incorporated R. Fig. 1 into the Revised Supplementary Fig. 1 .
R. Fig. 1 GPx8 -/mice are defective in GPx8 protein and RNA expression. (A) GPx8 expression in various organs from WT or GPx8 knockout mice (KO) mice by immunoblots with antiGPx8 antibody. (B) Relative mRNA levels of GPx8 in WT and GPx8 -/-BMDMs.
2. Figure 1 : Besides the limitations mentioned above, can the authors reliably exclude that not different microbiota between knockout mice and control groups (present at the time of purchase) may cause the observed differences in the DSS-induced colitis model as the gut microbiota itself can have profound effects in the same background strains (see Li et al 2018). Did the authors use littermates coming from heterozygous breeding? Response: Thank you for the suggestions. We have considered microbiota be a factor for colitis model. Therefore, we used not only littermate controls but also co-housed mice in our colitis model, described in material and methods to minimize this factor as previously described (Demon, Kuchmiy et al., 2014) . In addition, we further confirmed the phenotypes by adoptive transfer macrophages to B6 mice to exclude microbiota interference described latter in the letter.
3. Figure 2 : the authors mention mortality in the main text but this is not shown. Additionally, the differences shown in 2C/2D are very subtle. Response: Due to the experimental limitation, the inflammation phenotypes was examined in 7 days, instead of 14 days, period with moderate body weight loss and clinical score changes but without mortality. In this condition of short experiment period, no mortality change was observed. As reviewer 2 mentioned, in the experimental model we used, clodronate dependent depletion of macrophages does not last long because renewed macrophages will come back around 10-14 days (Bader, Enos et al., 2018 , Weisser, van Rooijen et al., 2012 . Thus, we did not observe mortality under this condition. However, this adoptive transfer model can demonstrate the effect of GPx8depleted macrophages in the same background of mice with the same microbiota. The differences shown in 2C/2D were similar to 1C/1D at the 7-day period. In addition, the over-production of inflammatory cytokines and clinical phenotypes were observed in animals transplanted with GPx8 -/macrophages, suggesting the important function of GPx8 in macrophages. Figure 3 : Again, many of the differences shown are subtle (A. B, D). Did the authors try to reexpress wt GPX8 to blunt see whether these effects can be blunted? Response: Thank you for the comments. We did the rescue experiment as reviewer suggested by overexpressing human Gpx8 in BMDMs via lentiviral transduction for 1 week and analyzed cell deaths and IL-1β production after LPS transfection. RNA expression of human GPx8 was confirmed by quantitative PCR (R Fig.2 below) . These results showed that expressing human GPx8 (hGPx8) blunted the phenotypes of Gpx8 -/-BMDMs. We have incorporated R. Fig. 2 into the Revised Fig. 3 . 6 Fig 4A: It is hard to follow what actually has been done. A much improved labeling/description of the experiments done is mandatory (which applies not only to this but many other experiments in the manuscript!). The lack of staining against FLAG is confusing. Response: Thank you for the suggestions. We clarified descriptions in figure legends and improved intensity of immunoblots for input controls (R. Fig. 3 ) by a longer exposure time.
4.

R. Fig
R. Fig. 3
Interaction of GPx8 with human caspase-4 (Casp4) or mouse caspase-11 (Casp11) by co-IP assays. 293T cells were co-transfected with vector expressing FLAG tagged Casp4 or Casp11, along with GPx8 expressing vector. (A) 293T cell lysates containing Casp4-or Casp11-FLAG proteins were immunoprecipitated by anti-FLAG Ab and subsequently analyzed by Western blots using anti-GPx8 and anti-FLAG Ab. (B) GPx8 and its interacting proteins were precipitated by anti-GPx8 Ab and analyzed by indicated Abs.
7. Fig. 4B : The quality is poor. Moreover, GPX8 is a type-II transmembrane ER-resident protein. Is caspase-4/11 located to the same compartment? That being said, it is very hard to identify "specific" interacting partners of GPX8 as it sits in the membrane with a highly reactive Cys in its active site, leading to many false-positive results. "Co-localization" could only be detected in cells, where Myc (GPX8) is overexposed.
Response: Thanks for the suggestion. After zoomed in with the original picture, Co-localization of GPx8 and caspase-4 was clearly observed in the same compartment in THP1 cells (R. Fig 4A) .
Reciprocally, the co-localization can be detected when Casp4-Flag was expressed (R. Fig.4B ). We have incorporated R. Fig. 4 into the Revised Fig. 3 8 Fig. 4D : the complexes shown are less surprising as GPX8 in the absence of reducing compounds will (like all other GPX) form complexes. Response: Thank you for the suggestions. Due to missing experimental details, the reviewer may overlook this point. We performed co-immunoprecipitation assay with anti-FLAG Ab to immunoprecipitate caspase-4(C258S) containing complexes. We further revealed that these high molecule complexes are GPx8-caspase-4 complexes but not GPx8-GPx8 shown in R. Fig. 5 . We performed the experiment again and removed unnecessary figures to emphasize this point.
R. Fig. 5
Complexes of GPx8 and caspase-4 were demonstrated by co-IP assays. 293T cells were co-transfected with vectors expressing FLAG tagged caspase-4 (C258S), along with GPx8 expressing vectors. Cell lysate was immunoprecipitated by anti-FLAG Ab and subsequently analyzed by Western blots using anti-GPx8 or anti-FLAG Ab. Cysteine-dependent covalent interactions of GPx8 and caspase-4 were analyzed under non-reducing and reducing conditions. Disulfide-linked complexes of Gpx8 and caspase-4 are indicated.
9. Fig4G and F: the proteins produced are they are actually properly folded? Response: GPx8 mutant proteins in Fig4G and 4F expressed in stable cell lines are most likely to be properly folded. Since unfolded proteins are usually degraded by proteasome or accumulated as insoluble aggregates in cells. GPx8C79S and C108S are normally expressed with comparable amount of WT protein in cells and can be detected as soluble proteins, inferred they are properly folded. GPx8C2S2 expressed less in the cells, likely some partial unfolded proteins were degraded, but some of it can be detected in soluble form. Although it is nearly impossible to be sure that these proteins are actually properly folded, these GPx8 mutants detected in soluble forms with compatible amount are likely properly folded in cells. Fig. 6A ), and showed that complexes formation was reduced to 30% in both reducing and non-reducing conditions. No doubt, this is a significant difference. Furthermore, when we performed the functional assay with this mutant in cells, the inhibition by GPx8 to this mutant was abolished (Revised Referee #2 (Remarks for Author):
The authors analyzed the contribution of GPx8 in colitis and in controlling the induction of colitis. The authors show that mice KO for GPx8 have increased expression of IL1b and activation of the inflammasome. Then the authors show a binding of GPx8 with caspase 4/11 and conclude that Gpx8 is involved in controlling the activation of the non canonical pathway of the inflammasome activation.
While I found the results interesting, I am not sure that the authors have really demonstrated that GPx8 really acts through the non canonical pathway. Response: Thank you for the reviewer believing that the story is interesting. We hope that our data have unambiguously demonstrated that Gpx8 regulates caspase-4/11 dependent pathway by modulating capase-4/11 activity. First, GPx8-deficieny enhances caspase-4/11 activation only in the condition of transfection of LPS, which is a caspase-4/11 specific stimulator. It has been shown that in the absence of caspase-11, caspase-1 activation doesn't occur in LPS transfection (Man, Karki et al., 2017 , Shi, Zhao et al., 2014 . Since direct activation of caspase-4 induces cell death and cleavage of caspase-4/11, both phenotypes were increased in GPx8 -/cells and mice. Second, other activators known to activate NLRP3 inflammasomes showed no differential activation in GPx8 -/cells (R. Fig. 8 ). Third, GPx8 can form disulfide bonding complexes with capse-4/11 but not caspase-1 (R. Fig. 9 ). The critical residue C118 of caspase-4/11, for interacting with GPx8 is not conserved in caspase-1. This interaction can alleviate caspase-4 activation and oligomerization ability in vitro. Finally, expressing GPx8 in THP-1 cells, but not mutants abolished the disulfide bonding ability, suppressed caspase-4 activation in cells. Based on those data, it is clear that GPx8 regulates caspase-4/11 dependent pathway, but not caspase-1 activity.
Major points 1 Fig. 1 . 4% DSS is a very high amount of DSS especially on mice with C57/BL6 background. No clear how many times was the experiment repeated. figure S2B for GPX8 is not very clear. The specific band seems to be very low. Response: We reanalyzed the GPx8 expression and found that the protein size is correct (R Fig.8 ). The specific band is the correct size compared with markers (R Fig.8 ). We have incorporated R. Fig.  8 into the Revised Supplementary Fig. 1 .
R. Fig. 8
GPx8 is expressed predominantly in macrophages and not in T, B, or dendritic cells. Cell-type specific expression of GPx8 was elucidated by immunoblotting. Black arrowhead denotes GPx8. White arrowhead denotes nonspecific bands. DCs, dendritic cells.
3 What is the production of other cytokines like TNFa and IL-10 that are normally induced after colitis? Response: As reviewer suggested, we measured TNF-α and IL-10 in our model. Similar to IL-6 and IL-1b, TNF-α and RANTES productions in GPx8 -/mice were enhanced in colitis condition (R Fig.  9B ). In addition to that, the numbers of the infiltrated T cells and the amount of secreted IFNγ were also higher in GPx8-deficient mice compared with the WT mice (R Fig. 9A and B ), suggesting adaptive immune response was induced after over-production of pro-inflammatory cytokines in mice. However, anti-inflammatory cytokine, such as IL-10, was not changed (R Fig. 9B ). 4-1 Fig. 2 The role of macrophages is not really clear in this figure, maybe also due to the experimental model as one expects that clodronate dependent depletion of macrophages does not last long and this may explain why the experiment was stopped at 7 days with a minor effect on body weight loss. Response: Indeed, due to the experimental limitation, the inflammation phenotypes was examined in 7 days, instead of 14 days, period with moderate body weight loss and clinical score changes but without mortality. In this condition of short experiment period, no mortality change was observed. As the reviewer mentioned, in the experimental model we used, clodronate dependent depletion of macrophages does not last long because renewed macrophages will come back around 10-14 days (Bader, Enos et al., 2018 , Weisser, van Rooijen et al., 2012 . Thus, we did not observe mortality under this condition. However, this adoptive transfer model can demonstrate the effect of GPx8depleted macrophages in the same background of mice with the same microbiota. The differences shown in 2C/2D were similar to 1C/1D at the 7-day period. In addition, the over-production of inflammatory cytokines and clinical phenotypes were observed in animals transplanted with GPx8 -/macrophages, suggesting the important function of GPx8 in macrophages. 4-2 Do the authors have an explanation for the increase of macrophages in the absence of GPX8, in figure 2G . Response: In the absence of GPx8, over-activation of noncanonical inflammasome may lead to over-producing of IL-1b, and downstream pro-inflammatory cytokines. IL-6, TNF-α, and RANTES productions were also more in the deficiency of GPx8. The chemokines, such as RANTES, could recruit macrophages to the inflamed sites and showed in Fig 2G, which is consistent with Revised Response: Thank you for the suggestion. We have clarified the description for figure 2. Fig. 3 . It was clear from the previous figures that GPX8 affected the inflammasome as it induced IL1b release. Caspase 1 also seems to be strongly induced (even before caspase 11 activation) suggesting both a classical and non classical activation of the inflammasome. Response: To clarify whether GPx8 could affect classical inflammasome activation, we performed functional assays measuring canonical inflammasome activation. We did not observe any differential phenotype under multiple canonical inflammasome stimuli in different time points (R. Fig. 10 ). In addition, we also checked whether GPx8 might physically interact with caspase-1. We demonstrated that GPx8 cannot interact with caspase-1 by co-IP experiment (R. Fig. 11 ). It is a misunderstanding that caspase 1 is strongly induced as the reviewer mentioned "even before caspase 11 activation". Very little difference in pro-caspae-1 protein level was observed before LPS transfection ( Revised Fig. 3F, lane 1 and 6) . We have incorporated R. Fig. 9 into the Revised Supplementary Fig. 3 . Fig. 10 Canonical NLRP3 inflammasome activation was not altered by GPx8 deficiency. BMDMs were primed for 6 h with 0.5 µg/ml LPS and then stimulated with ATP (5 mM), MSU (150 µg/ml), or nigericin (5 µM) for indicated time.
5-1
R.
R. Fig. 11 GPx8 does not interact with caspase-1. Interaction of GPx8 with human caspase-4C258S (Casp4) or human caspase-1 (Casp1) was confirmed by co-IP assays. 293T cells were co-transfected with vector expressing FLAG tagged Casp4C258S or Casp1, along with GPx8 expressing vector. 293T cell lysates containing Casp4-or Casp1-FLAG proteins were immunoprecipitated by anti-FLAG Ab and subsequently analyzed by Western blots using anti-GPx8 and anti-FLAG Ab. GPx8 and its interacting proteins were precipitated by anti-GPx8 Ab and analyzed by indicated Abs. 5-2 LDH is a marker of cell lysis, not specifically of pyroptosis. The presence of pyroptosis should converge towards a classical activation rather than non classical. Response: We have corrected the statement in the manuscript that LDH is a cell lysis marker instead of a pyroptosis marker. However, the cell lysis induced by LPS transfection is indeed a pyroptosis phenotype, as showed by many publications (Kayagaki, Wong et al., 2013 . This is also a caspase-4/11 specific phenotype, which does not require caspase-1 to induce pyroptosis. On the contrary, IL-1b production still requires caspase-1 (Man et al., 2017).
6-1 Fig. 4 It is very easy to have a false positive result in co-immunoprecipitation. In the blots of 4A, the co-ip seem to be very weak and this is confirmed in the colocalization experiment in 4B. Here a quantification of the colocalization should be shown. Further it is not clear whether the cells that are shown have been activated with LPS (and pretreatment) and if so what is the level of colocalization of untreated cells. Response: Thank you for the suggestions. We has quantified the co-localization (R. Fig. 12D ) and improved the quality of immunofluorescence assays (R. Fig. 12 ). Original 4B are cells without treatment. We further showed the co-localization of untreated cells (R. Fig 12A) , cells with LPS priming (R. Fig 12B) , and cells with transfection of LPS (R. Fig 12C) . It should be noticed that after caspase-4 activation, cells were undergoing pyroptosis leading to the decrease of co-localization as shown in R. Fig. 10C . figure 4C only one treatment with LPS was performed and not the pretreatment, or was it a transfection? Response: In Fig 4C, co-localizaiton is detected in untreated cells and cells primed with LPS. We have included the experimental details for Fig. 4C (R. Fig. 13 ). Fig. 13 Interaction between GPx8 and caspase-4 in THP-1 cells in the presence or absence of priming LPS was demonstrated by in situ proximity ligation assay (PLA)(red dots, labeled by arrowheads). GPx8-Myc stably expressing THP-1 were used to detect the interaction between GPx8-Myc and endogenous caspase-4. Untreated cells (Ctrl) or cells primed with LPS (primed LPS) were incubated with anti-Myc and anti-caspase-4 Abs according to the manufacturer's instructions and stained nucleus with DAPI (blue). Results were quantified by counting at least 5 different fields with an average of 300 cells. Reactions without primary Abs were used as the control for PLA assay (PLA Ctrl). 7 I have the impression that GPX8 major target is the classical activation of the inflammasome. Why haven't the authors analyzed also the binding to caspase 1? The finding that the mutants abolish the inhibitory activity does not imply that this occurs through caspase4 interaction. Response: We have cleared the doubts by showing that GPx8 does not interact with caspase-1 (R. Fig. 11 ) and GPx8 was not directly involved in classical inflammasome activation (R. Fig. 10 ).
6-2 Why in
R.
8 Fig. 6 . The experiments with the casp1/4 inhibitor VX-765 are very interesting but do not rule out the possibility that GPX8 actually does not interact through caspase 4. Response: Thank you for the positive comments. After we have excluded the possibility that caspase-1 may be involved, this experiment demonstrated the rescuing phenotypes of overactivation of noncanonical inflammasome under Gpx8 deficiency. VX-765 has been used in clinical trials for other inflammatory diseases but not colitis. We would like to show that it may also be a potential drug for colitis patients by targeting noncanonical inflammasome pathway. 10 What is the expression of caspase 1 and activated gasdermin D? While the downregulation of GPx8 is clear, the upregulation of caspase 4 is not, further why haven't the authors analyzed the activated form of caspase 4? Response: After excluding the possibility of caspase-1 involvement, we focused on caspase-4 and its downstream proteins. In non-inflamed colon tissues, the pyroptosis and caspase-4 activation should not be detected because they are still normal tissues. As shown in R. Fig. 15 , the cleavage form of GSDMD was not detected in samples tested. This result is not surprised because they are normal part of colon in UC patients. Since the cleavage of GSDMD was not detected in non-inflamed regions, there should be no pyroptosis and activated form of caspase-4. However, we observed higher levels of caspase-4 expression in those tissues (Fig. 7) , which is consistent with the previous report demonstrating upregulation of caspase-4 expression in IBD patients (Flood, Oficjalska et al., 2015). Moreover, the most important finding is that GPx8 expression in normal colon tissue of these patients is reduced, implicating the significance of GPx8 in UC. The accumulation of cell death and immune cell infiltration in inflamed colon tissue prevents any comparison of the amount of GPx8 expression in inflamed tissue from UC patients and tissue from heathy individuals, who do not have inflamed parts. It is also difficult to quantify the amount of caspase-4 in inflamed tissue. We therefore only quantified levels of caspase-4 and GPx8 in non-inflamed regions. R. Fig. 15 Protein levels of full-length and cleavage GSDMD in non-inflamed biopsy specimens from healthy controls (Ctrl) and UC patients (UC) were demonstrated by immunoblots. THP-1 cells were activated by LPS priming and then transfected with LPS (TF LPS) as a positive control demonstrating the cleavage form of GSDMD. PMA, PMA differentiated THP-1 cells; LPS, THP-1 cells primed with LPS; TF LPS, LPS transfected THP-1 cells.
Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have now heard back from the two referees whom we asked to evaluate your manuscript a second time. You will see that while ref. #1 is now satisfied, ref. #2 remains with questions. We would like to give you a last chance to address these issues to the satisfaction of the referee. Please bear in mind that revising now will not ascertain publication later on and your revision will be reviewed once more from the same set of referee(s).
I look forward to seeing a revised form of your manuscript within 3 months. As before, please note that EMBO Molecular Medicine strongly supports a single round of revision and that, as acceptance or rejection of the manuscript will depend on another round of review, your responses should be as complete as possible.
***** Reviewer's comments ***** Referee #1 (Remarks for Author):
The authors repeated some of the experiments and adequately addressed most of my concerns. As such, I have no further comments.
Referee #2 (Remarks for Author):
This is a very interesting paper associating the non canonical activation of the inflammasome to GPX8 and caspase 4/11. Altogether the data are not novel for each individual player but have never been linked together. I have some remarks.
There are many English typos and grammatical errors that should be corrected.
The difference when using macrophages from WT or GPX8-/-mice is really minute as compared to the whole KO suggesting that there are other cells contributing to this effect or that rather than macrophages maybe inflammatory monocytes (or monocytes in general) should be transferred. Maybe BMDM do not really resemble cells that are conditioned by the local inflammatory environment after monocyte differentiation in situ. The authors should evaluate this possibility.
In addition, in the gut the distinction between macrophages and DCs is very subtle and CX3CR1+ cells share similarities between macrophages and DCs. The authors should analyze the expression of GPX8 in the different mononuclear phagocytes present in the gut (based on CX3CR1, CD11c, CD11b and CD103 markers).
Not clear to me why TLR4 should not be required for the effect. How do the authors envisage LPS is internalized? They performed the experiments with transfected LPS. Why do they need to transfect LPS? Fig. 3 would need a schematic to explain how the experiments where performed. It looks to me as if the expression of human GPX8 in GPX8-/-BMDM induces also a change in the expression of procaspase 11. Can the authors quantify the blots, please? The same seems to occur in vivo.
The authors should also evaluate whether they can observe similar caspase activation in GPX8-/mice by doing the opposite (LPS first and then poli:IC or Poli:IC and poli:IC to evaluate whether this characteristic is exclusive to LPS.
The sentence: ' GPx8 deficiency promotes noncanonical but not canonical NLRP3 inflammasome activation.' is not correct as GPX8 deficiency does not promote, rather it does not contrast NLRP3 inflammasome.
It is not clear to me why there is no improvement in DSS colitis in WT mice treated with VX-765. Does this mean that the GPX8 and Caspase 4/11 does not normally play a role in colitis? Is the effect of GPX8 something that would not be evidenced and is just an epiphenomenon of the lack of GPX8? Or is the effect only transient in the first days of colitis (as the clinical score is modified only early? This should be clarified.
It looks to me that in UC patients there is a clear reduction of GPX8 but not necessarily and increase in Caspase 4. Maybe GPX8 acts also through another mechanism. Could the authors pair the expression of GPX4 with that of Caspase 4 for each individual patient (and control) to evaluate the relationship?
Is there any polymorphism in patients in genes for either Caspase 4 or GPX8 at the level of the cysteines found to be involved in the covalent linking?
2nd Revision -authors' response 13 September 2019 Referee #1 (Remarks for Author):
This is a very interesting paper associating the non canonical activation of the inflammasome to GPX8 and caspase 4/11. Altogether the data are not novel for each individual player but have never been linked together. I have some remarks. Response: Thank you for considering that the paper is interesting. GPx8 -/mice have never been characterized and we are the first one who identified the biological role of GPx8. We have faith in these novel findings. We shall clear up all the concerns raised.
1 There are many English typos and grammatical errors that should be corrected. Response: Thank you for the suggestion. We have asked a native-English speaker to help edit the paper.
2 The difference when using macrophages from WT or GPX8-/-mice is really minute as compared to the whole KO suggesting that there are other cells contributing to this effect or that rather than macrophages maybe inflammatory monocytes (or monocytes in general) should be transferred. Maybe BMDM do not really resemble cells that are conditioned by the local inflammatory environment after monocyte differentiation in situ. The authors should evaluate this possibility. Response: In fact, the difference when using macrophages from WT or GPX8-/-mice is similar as compared to the whole KO at the same period of time, 7 days. The difference should be much magnified if the experiment could be prolonged to 14 days. However, the experiment had to be stopped due to the limitation of the inhibition of macrophage generation (Fig 1c compared with Fig  2c) . Moreover, monocytes recruited by chemokines differentiate locally into intestinal macrophages through stimulation of M-CSF. Thus, M-CSF-induced BMDMs, which we used in this study, are widely employed as an in vitro model for intestinal macrophages and for adoptive transfer for in vivo model [1] [2] [3] . Because it has been demonstrated that the adoptive transferred BMDMs are able to be recruited into tissue and differentiated into M1 and M2 macrophages [1] , it is reasonable to use BMDMs for our adoptive transfer experiments. To exclude the possibility that WT and GPx8 -/monocytes may be impaired in differentiating into different types of macrophages, we characterize the percentage of M1 and M2 macrophages differentiated from progenitors as previously described [4] . We performed regular BMDMs culture with M-CSF and these cells were classically activated (M1 condition) with LPS (100 ng/ml) + IFN-γ (20ng/mL) on day 7, or alternatively activated (M2 condition) with IL-4 (20ng/mL) or received media alone (M0 condition) [4] . After analysis of the M2 surface marker, CD206, or RNA expression of M1 markers, TNF-α and iNOS, we can distinguish M1 and M2 macrophages with different amount of M1 and M2 genes expression (R. Fig, 1A , C and D). No difference of CD206, TNF-α, and iNOS, expression in macrophages differentiated from either WT or GPx8 -/mice (R. Fig. 1B, 1C and 1D), suggested WT or GPx8 -/-BMDMs have similar differentiation ability.
R. Fig. 1 Bone marrow derived progenitors isolated from WT or GPx8 -/mice were in the culture condition with M-CSF and on day 7 cells were then classically activated (M1 condition, M1) with LPS (100 ng/ml) + IFN-γ (20ng/mL), alternatively activated (M2 condition, M2) with IL-4 (20ng/mL) or received media alone (M0 condition, M0) [4] . (A-B) After polarization, macrophages were stained with Abs (CD45, F4/80, CD11b and CD206) and analyzed by flow cytometry. Cells were gated as the CD45 + F4/80 + CD11b hi population, and further analyzed with CD206 expression.
(C-D) RNA expression of M1 markers, TNF-α (C) and iNOS (D), were showed by quantitative reverse transcriptase PCR.
3 In addition, in the gut the distinction between macrophages and DCs is very subtle and CX3CR1+ cells share similarities between macrophages and DCs. The authors should analyze the expression of GPX8 in the different mononuclear phagocytes present in the gut (based on CX3CR1, CD11c, CD11b and CD103 markers). Response: In order to identify the cell population expressing GPx8, we analyzed GPx8 in various immune cells including splenocytes, T cells, B cells, BMDMs and bone marrow derived dendritic cells (BMDCs). Among all cell types tested, we detected GPx8 expressed only in macrophages (R. Fig. 2A ). GPx8 expression is relatively low in DCs from mice or from two human individuals. We also confirmed CD markers of macrophages (F4/80 high /CD11b + /CD11c low ) and DCs (F4/80 low /CD11b + /CD11 high )(R. Fig. 2B ), suggested that GPx8 expressed primarily in macrophages.
To further confirm the expression of GPx8 in gut, we also analyzed intestinal macrophages and Dc surface markers. Intestinal macrophages and DCs express an overlapping pattern of surface molecules. Intestinal DCs are defined by the expression of CD11c, CD103, major histocompatibility complex (MHC) class II and differential expression of CD11b [5] . In contrast to DCs, monocytes and macrophages in the intestine lack CD103 expression and are defined by expression of F4/80 and CX3CR1 [5] . Because intestinal CD103+, but not CX3CR1+, antigen sampling cells migrate in lymph and serve classical dendritic cell functions [6] , we therefore analyzed GPx8 expression associated with CD103. By using IHC with Abs against CD103, F4/80 and GPx8, we found that GPx8 expression highly co-localized with F4/80 positive cells but much less correlated with CD103 positive cells (R. Fig. 2C , D and E), suggested that GPx8 predominantly expressed in macrophages but not DC populations in gut. . 2 GPx8 is expressed predominantly in macrophages. (A) GPx8 is expressed predominantly in macrophages and not in T, B, or dendritic cells. Cell-type specific expression of GPx8 was elucidated by immunoblotting. The black arrowhead denotes GPx8. The white arrowhead denotes non-specific bands. (B) BMDMs or Dcs isolated from WT or GPx8 -/mice were stained with Abs (F4/80, CD11b and CD11c) and analyzed by flow cytometry. (C-D) Colon tissues were stained with Abs (GPx8, CD103 and F4/80) and analyzed by confocal microscopy. Quantification of doublepositive cells of GPx8 and CD103 (C) or GPx8 and F4/80 (D) was calculated from 7 fields and is presented as the mean ± SEM of the percentage of double-positive cells (E).
R. Fig
Response: It has been shown that noncanonical inflammasome activation by intracellular LPS is independent of TLR4 [7] . Since the TLR4 or other TLRs are only required for the priming signals for inducing pro-caspase-4/11 expression, we can easily replace the LPS priming signal with other TLR agonists, such as poly (I:C), a TLR3 agonist (Fig. 3C) . To exclude the priming signals involved, no differential response of WT and GPx8 -/-BMDMs in cytokine production activated by different ligands of TLRs was observed (Sup. Fig. 2C and R. Fig. 3 ). We also revealed that the different priming signals displayed the same results in in vivo sepsis model ( Fig. 3I and J) , suggesting that the priming signal, such as TLR4, is not required for the effect of GPx8 deficiency. R. Fig. 3 GPx8 is expressed predominantly in macrophages and does not interfere with the TLR signaling pathways. GPx8-deficiency has no effect on TLR signaling pathways. BMDMs from WT and GPx8 -/mice were primed with IFNγ (250 U/ml) and then triggered by each ligand for TLRs for 16 h. Secreted cytokines TNF-α (A) and IL-6 (B) were quantified by ELISA as indicated.
5 How do the authors envisage LPS is internalized? They performed the experiments with transfected LPS. Why do they need to transfect LPS? Response: Given that caspase-4/11 is the intracellular receptor of LPS [7, 8] , we therefore followed the protocol published in Science 2013 (Kayagaki et al.) to perform the LPS transfection [7] . Induction of priming signals, such as TLR4 or TLR3, which are membrane receptors, only triggered IL-6 and TNF-α production but not caspase-4/11 activation. Both pyroptosis and IL-1b production are dependent on caspase-4/11 activation by intracellular LPS. Therefore, the phenomena including the cleavage of caspase-4, pyroptosis and IL-1b production all suggested that transfected LPS was internalized and activated caspase-4 ( fig. 3A, B , and C). R. Fig. 4 A flow chart of experimental procedures.
7 It looks to me as if the expression of human GPX8 in GPX8-/-BMDM induces also a change in the expression of procaspase 11. Can the authors quantify the blots, please? The same seems to occur in vivo. Response: Thank you for the suggestions. We also analyzed the expression of pro-caspase-11 in BMDMs with or without ectopically expressing human GPx8. No differential expression of procaspase-11 was observed (R. Fig. 5 ). After quantified the expression of caspase-11 in immunoblots, we concluded that there was also no difference of pro-caspase-11 expression between WT and GPx8 -/-BMDMs before LPS transfection (R. Fig. 6, lane 1 and 6 ). After LPS transfection, more IL-1b production of GPx8 -/-BMDMs compared with WT BMDMs. Since IL-1β known to be a potent inducer of IL-6 and TNF-α [9, 10] , it leads to more IL-6 and TNF-α and downstream signaling, which primes more pro-caspase-11 expression (R. Fig. 6, lane 7 and 8 ). Similar pattern was also observed in WT BMDMs but displayed as a smaller wave (R. Fig. 6, lane 2 and 3) . In In vivo setting, because the colon tissues were collected after DSS treatment, it is logical to expect that the activation of caspase-4 and more infiltrated immune cells may lead to more pro-caspase-11 and procaspase-1 production and activation in GPx8 -/mice (Fig. 3F ). We have incorporated R. Fig. 6 into the Revised Fig. 3F . R. Fig. 5 RNA expression of caspase-11 was not altered in BMDMs with or without ectopically expressing human GPx8 (hGPx8). WT or GPx8 -/-BMDMs were transduced with empty vector (EV) or hGPx8 expressing lentiviruses. Expression of caspase-11 mRNA in BMDMs were confirmed by quantitative reverse transcriptase PCR. R. Fig. 6 GPx8 deficiency enhanced caspase-11 cleavage and activation. BMDMs from WT or GPx8 -/mice were primed with LPS (lane 1 and 6) and then transfected with various amount of LPS (lane 2-5 and 7-10). Levels of processed caspase-1 and -11 in the supernatants (Sup) and full-length caspase-1, -11, and GAPDH in the cell lysates (Cell ext) were determined by immunoblotting. Fold change of protein expression was normalized with the internal control and indicated below each blot.
7 The authors should also evaluate whether they can observe similar caspase activation in GPX8-/mice by doing the opposite (LPS first and then poli:IC or Poli:IC and poli:IC to evaluate whether this characteristic is exclusive to LPS. Response: As we mentioned previously, we used a nonlethal does of poly(I:C)(LMW, 1 mg/kg) as primed signal and then re-challenged 6 h later with LPS (10 mg/kg) for sepsis model. Mortality doesn't occur in reverse order [11] . In addition, it has been clearly demonstrated that poly(I:C) does not induce caspase-4/11 activation and caspase-4/11 dependent sepsis phenotype in vivo [7] . 8 The sentence: ' GPx8 deficiency promotes noncanonical but not canonical NLRP3 inflammasome activation.' is not correct as GPX8 deficiency does not promote, rather it does not contrast NLRP3 inflammasome. Response: Thank you for the suggestion. We corrected the sentence. 9 It is not clear to me why there is no improvement in DSS colitis in WT mice treated with VX-765. Does this mean that the GPX8 and Caspase 4/11 does not normally play a role in colitis? Is the effect of GPX8 something that would not be evidenced and is just an epiphenomenon of the lack of GPX8? Or is the effect only transient in the first days of colitis (as the clinical score is modified only early? This should be clarified. Response: We clearly observed the difference by treating WT mice with VX-765. The treating group showed lower clinical scores on day 3 (P=0.006) and day 5 (P=0.0004)(R. Fig 7A) . Despite the differences of clinical scores became less significant in the recovery stage, the mice produced lower IL-1b in colon of mice with VX-765 when they were sacrificed at the end of the experiment, suggested that inflammasome was activated at this stage and was inhibited by VX-765 (P=0.0005)(R. Fig. 7B ). Although whether cannonical inflammasome is pathogenic or beneficial in different IBD status remains uncertain, a consensus that over-activation of NLRP3 inflammasome has a major role in the pathogenesis of IBD and several autoinflammatory diseases has been reached in the field [12, 13] . Therefore, GPx8 -/mice with over-activation of noncanonical inflammasome can be rescued by VX-765, indicated that Gpx8 is involved in this pathway. Further studies for the role of caspase-4/11 in IBD will be investigated in future. 10 It looks to me that in UC patients there is a clear reduction of GPX8 but not necessarily and increase in Caspase 4. Maybe GPX8 acts also through another mechanism. Could the authors pair the expression of GPX4 with that of Caspase 4 for each individual patient (and control) to evaluate the relationship? Response: Thank you for the suggestions. After paired the expression of GPx8 and caspase-4 in each individuals, we can clearly detect the correlation in patients, where a low Gpx8 expression links to a high caspase-4 expression (P=0.0043), but not in normal controls (R Fig. 8 ). It suggested that less GPx8 expression correlated with more caspase-4 expression in UC patients. . 8 Lower GPx8 and higher caspase-4 expression in colon tissue of ulcerative colitis patients. Relative expression levels of GPx8 and caspase-4 (Casp4) in non-inflamed biopsy specimens from healthy controls (Ctrl) (n = 14) and UC patients (n = 25) are demonstrated by immunoblots. Data are normalized to the mean of healthy controls and presented as the mean ± SEM. GPx8 and caspase-4 expression paired in each individual are linked by lines. P value was analyzed by Fisher's exact test.
11 Is there any polymorphism in patients in genes for either Caspase 4 or GPX8 at the level of the cysteines found to be involved in the covalent linking? Response: Thank you for the suggestions. Genome-wide association studies (from GWAS Central) showed there is no SNP associated with any cysteine in both genes.
Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have now received the enclosed report from the referee who that was asked to re-assess it. As you will see the reviewer is now globally supportive and I am pleased to inform you that we will be able to accept your manuscript pending minor editorial amendments and addressing the comments from referee 2.
Please submit your revised manuscript within two weeks. I look forward to seeing a revised form of your manuscript as soon as possible. ***** Reviewer's comments ***** Referee #2 (Remarks for Author):
Although I am satisfied with the revision, the authors should include at least figure 2, figure 4 and figure 8 for the reviewer into the manuscript. These have been asked for to support the data or to make them clearer to the reader and not only to the reviewer. We appreciate that both reviewers agree with us to publish this paper. We have incorporated the comments from reviewer 2 into the main text. We have also fully addressed your requests.
For animal studies, include a statement about randomization even if no randomization was used.
4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results (e.g. blinding of the investigator)? If yes please describe. Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.
We followed our animal protocol restriction with n<6 per repeat. We combined two repeats if possible.
No exclusion performed
Mice were allocated to experimental groups on the basis of their genotype and randomized within the given group to a treatment group. We randomized our mice by grouping blindly.
For the in vivo experiments, the investigator was usually blinded towards the genotype, but not the treatment group.
Data
the data were obtained and processed according to the field's best practice and are presented to reflect the results of the experiments in an accurate and unbiased manner. figure panels include only data points, measurements or observations that can be compared to each other in a scientifically meaningful way.
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Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship guidelines on Data Presentation.
Please fill out these boxes # (Do not worry if you cannot see all your text once you press return) a specification of the experimental system investigated (eg cell line, species name).
No sample size calculations were performed. We determined sample size based on experience in the laboratory, showing that n=3-6 samples per group are usually sufficient to achieve statistical signficance with typical effect sizes graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should not be shown for technical replicates. if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be justified the exact sample size (n) for each experimental group/condition, given as a number, not a range;
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B-Statistics and general methods
the assay(s) and method(s) used to carry out the reported observations and measurements an explicit mention of the biological and chemical entity(ies) that are being measured. an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.
a statement of how many times the experiment shown was independently replicated in the laboratory.
Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.
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definitions of statistical methods and measures: a description of the sample collection allowing the reader to understand whether the samples represent technical or biological replicates (including how many animals, litters, cultures, etc.).
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